Anoxia appears to be an important consequence of shock, different tissues being affected to different degrees. One sign of this anoxia in general is increased extraction of oxygen from the blood,4 apparently in partial compensation for the reduced volume flow of blood through the tissue. This phenomenon is a matter of familiar clinical experience in the peripheral circulation where darkening of the venous blood occurs concomitantly with reduced volume flow. A study of the renal oxygen extraction in shock was, therefore, undertaken in order to evaluate the possible role of anoxia w a cause of damage to the kidney. Contrary to expectation it was found that the renal extraction of oxygen in early shock is but moderately increased, despite a marked reduction in the volume flow of blood.
The blood was kept in a bath of ice water while awaiting analysis-an interval of less than three hours.
For measurement of the capacity of the blood to bind oxygen as HbOz, portions of approximately 3 cc. were brought to room temperature and saturated with air in rotating 50 cc. tubes.
During the period of saturation, about 20 minutes, the air contained in each tube was changed three times.
The amount of oxygen bound by hemoglobin as HbOz per liter of blood was estimated by subtracting, from the total blood 02, a correction for the physically dissolved 02 (see equations 1, 2 and 3, below).
The physically dissolved 02 was calculated from the solubility coefficients found by Sendroy, Dillon and Van Slyke ((8) and p. 326 of (7)) for 02 in blood, and from assumed 02 tensions of 155 for blood saturated with air at 23O (for 02 capacity), 100 mm. at 38' for arterial blood (from data on dogs by Drabkin and Schmidt) (9) , and 50 mm. at 38' for renal venous blood. The physically dissolved 02 thus calculated was 6.5 cc. per liter for blood saturated with air at 23", 3.0 cc. for arterial blood, and 1.4 cc. for renal VehOUS blood.
It is estimated that such deviations from the assumed 02 tensions as may have occurred would not affect results sufficiently to alter significantly the calculated 02 consumption of the kidney.
It was found, in accord with Van Slyke, Rhoads, Hiller and Alving (2) that there was usually a significant difference in 02 capacity (hemoglobin concentration) between renal venous blood and femoral arterial blood drawn within a few minutes of each other (table l)? Technique was not available for drawing serial samples from the renal artery.
Therefore the concentration of oxygen entering the kidney in the renal arterial blood was estimated (equation 5) under the two assumptions that the renal arterial blood had the same hemoglobin content (i.e., oxygen capacity) as that found in the emergent renal venous blood, while the per cent saturation of its hemoglobin was the same as that of the femoral arterial blood. 6 The cause of the frequent difference in hemoglobin concentration between bloods from the femoral artery and the renal vein is still uncertain.
One conceivable cause may be a minute-to-minute variation in the hemoglobin content of the general circulation, which might be marked in dogs because of the splenic reservoir of erythrocytes.
Another possibility might be a difference in cell content between aortic arterial blood and renal arterial blood, due to hydrodynamic effects at the point where the renal artery branches off. The difference does not appear to be attributable to concentrating effect of water excretion by the kidneys, because the volume of water excreted per minute is usually of the order of only x&a or less of the volume of blood perfusing the kidney; also if water withdrawal were the cause, the renal venous blood would regularly show higher Hb concentration than blood from the femoral artery, whereas the differences are about as often in the opposite direction (table 1) . Nor does the difference appear to be attributable to hemodilution immediately following withdrawal of the first sample of blood (about 20 cc.) of each pair; the samples were of the order of only one or two per cent of the circulating blood, and the interval between the two samples of each pair was too short for inflow of extra-circulatory fluid to be appreciable; in table 1 it is seen that the [Hb] of the second sample is sometimes greater, sometimes less, than the first. The assumption made, that the blood during passage through the kidney does not significantly change its hemoglobin concentration, however, seems justified.
In the following equations the subscripts FA, RA, RV refer to femoral artery, renal artery and renal vein, respectively. fig. 1 ).
The contrast was evident from visual inspection of the blood samples. Before shock the ar terial, renal venous and right auricular blood presented the bright color of well oxygenated blood, becoming somewhat darker in the order given. By analysis they were about 95 per cent, 85 per cent and 75 per cent saturated with oxygen respectively. While the arterial and renal venous samples in early or moderately advanced shock showed no appreciable change in appearance, blood obtained at the same time from the right auricle or from a peripheral vein was darkened to a marked degree. It was only when shock became advanced to such a degree that ren .a1 blood flow was redu ted to a few cubic centimeters per minute, as judged from the outflow from a transected renal vein, that the renal venous blood became dark. The darkening of the renal venous blood which then occurred was due to increased renal extraction of oxygen, not to incomplete arterial oxygenation. The important generalization brought out by the present experiments is that when renal blood flow decreases in shock renal oxygen consumption shows a proportional or almost proportional decrease.
Experiments were performed to find which of several possible explanations might account for the failure of the kidney to increase its oxygen extraction from the blood when the renal blood flow decreased. nitrogen, thereby lowering the arterial oxygen saturation to the minimum tolerated by the nervous system. Despite this reduction in arterial oxygen tension the kidneys continued to consume oxygen at about the same rate as in the control period. In so doing the kidneys lowered the renal venous oxygen DOLE, EMERSON, PHILLIPS, HAMILTON AND VAN SLYKE saturation to unusually low levels. It is therefore evident that the failure of the kidney to increase oxygen extraction with retardation of the blood flow is not due to inability to lower the renal venous oxygen tension below its ordinary level.
A second possibility considered was that blocks of kidney tissue might be excluded from the circulation in such a way that the velocity of blood flow in the remaining regions would be normal despite reduction in volume flow through the organ as a whole.
In three experiments dogs under nembutal ane<thesia were prepared by laparotomy with exposure of both renal pedicles, and tnen brought into hemorrhagic shock by the technique used in oxygen extraction experiments. Shortly after the blood pressure had been brought below 70 mm. of mercury, an injection of 5 cc. of dye (India ink, Evans blue or trypan blue) was made into a renal artery, followed by clamping of the renal pediclc 30 seconds after completion of the injection.
The kidney was immediately removed and sectioned for gross examination.
This procedure was repeated with the remaining kidney. In all cases the staining was quite uniform throughout the parc:IIchyma, except for occasional unstained regions less than 3 mm. in diameter. The second hypothesis, therefore, appeared to be untenable. Thirdly, it was considered that the energy requirement of the kidneys might be dependent on glomerular filtration rate, since this is normally proportional to the rate of oxygen consumption -renal blood flow being proportional to both. To test such a possibility the usual fixed relation between renal blood flow and glomerular filtration (i.e., the filtration fraction) was varied by the intravenous infusion of adrenalin at a rate of 0.03 to 0.04 mgm./min. Under these conditions the hypothesis would predict a correlation between oxygen consumption :.nd filtration rate. For purposes of the experiment it was more convenient to !ook for the equivalent correlation between the renal arteriovenous oxygen difference and the filtration fraction (which was measured by creatinine extraction (10) ). No such correlation was found when the creatinine extrrt.c tion wa$ varied from 0.18 to 0.38 in two experiments ( fig. 2) . It was thereforc concluded that the renal oxygen requirement was not determined by the glomerular filtration rate.
Thus the problem of accounting for the failure of the kidneys to increase their oxygen extraction in early shock, despite an ability to do so at a later stage, remains unsolved.
It should not be inferred from the sharp decline in oxygen consumption in shock that the kidneys necessarily suffer from anoxia under these conditions, since no direct evidence is available to allow an estimation of the rate of renal oxygen supply that is required to prevent development of either reversible or irreversible damage to the kidney. SUMMARY ln 1. The normally small renal arterio-venous oxygen difference remained early hemorrhagic shock, despite marked decrease in renal blood flow. small 2. As a result, the rate of oxygen consumption by the kidneys decreased markedly even in early shock, almost in proportion to the decrease in renal blood flow.
3. The failure of the kidney in shock to attempt to maintain its oxygen consumption by increasing its oxygen extraction contrasted with the behavior of the rest of the body, which responded with a great increase in its oxygen extraction, as found by oxygen determinations on blood from the right auricle.
